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Diethylstilbestrol 

A Crystalline Synthetic Estrogen 



Indication! 

Diethylstilbestrol is Indicated whenever an estro- 
genic effect is desired. It has proved useful as re- 
placement therapy in states of estrogen deficiency, 
and it is also employed Tor specific effects in the 
absence of deficiency. Diethylstilbestrol has been 
found of value in the following conditions: 

Menopausal symptoms 

Senile vaginitis 

Painful engorgement of breasts postpartum 

Functional uterine bleeding 

Carcinoma of the prostate gland in men 

Carcinoma of the breast 

Otteo porosis 

Chemistry 

Diethylstilbestrol was discovered by Dodds and 
co-workers 1 while they were studying the estrogenic 
proper ties of certain compounds not related to the 
natural estrogens. It is a white crystalline substance 
which is virtually insoluble in water or acids but 
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which dissolves readily in alkalies and in alcohol 
and matt organic solvents, lu structural formula, 
along with that of estrone for companion, may be 
lhown as illustrated. Chemically, diethyls dlbestrol 
u ^d'-dieihyl-M'-siilbenediol. The double bond 
between the two central carbon atoms makes pos- 
sible the existence of two geometric stereoisomer*. 
Both as- and trans- forms are known and are easily 
separable. It is the trans- form, in which the ethyl 
group lie on opposite sides of the double-bonded 
carbon atoms, which is used clinically because of 
its greater estrogenic potency. 

A Pharmacology 

The estrogens have many pharmacologic effect!, 
and the full range is perhaps not yet known. Their 
principal role seems to be that of growth hormone* 
for specialized tissues having to do with sex and 
reproduction. The following effects represent those 
which at present appear to have the greatest physi- 
ological and therapeutic importance: development 
of the adult type of uterus; increased contractility 
of the myometrium; development of the prolifera- 
tive phase in the endometrium; growth and corni- 
fication of the vaginal epithelium; duct hypertro- 
phy and deposit of fat and connective tissue in the 
breasts; development of the female secondary sex ual 
characteristics; with relatively small doses possibly 
stimulation of the anterior lobe of the pituitary 
gland, and with larger doses inhibition, especially 
with regard to the secretion of gonadotropins; in- 
creased output of pregnanediol (the end product 
of progesterone metabolism) in pregnancy and cor- 
rection of abnormal estrogen metabolism which 



may occur during pregnancy; increased retention 
of sodium and water and increased excretion of 
calcium and nitrogen; increased callus formation 
at the site of fractures; dilatation of the small blood 
vessels of the skin; retardation of erythrocyte for- 
mation; increased basal metabolism. 

Dieihylstilbestrol is apparendy capable of pro- 
ducing all the physiological effects of the natural 
estrogens. Dodos, Lawson, and Noble 3 found its 
action similar to that of estrone on the uterus of 
ovariectomixed rau; on the mating reaction, vagi- 
nal mucosa, and uterus of imm ature rats; on the 
uterus of immature rabbiu; and on the feathers of 
capons. The endometrium of the immature rabbit, 
of the ovariectomized guinea pig. 1 and of the mon- 
key 4 has been sensitized to progesterone by this 
substance. Large doses inhibit the activity of the 
anterior pituitary with regard not only to gona- 
dotropin production " but also to growth stimu- 
lation.*** 

Certain pharmacologic differences have been 
found, however, between diethyUulbestrol and the 
natural estrogens. Reynolds and Foster' observed 
that whereas the latter cause an increase in the 
acetylcholine content of the uterus, diethyUtilbes- 
trol is without this effect, even in large doses. De- 
Wit and Bretschneider 11 reported that dieihylstil- 
bestrol does not give the ovipositor lest in female 
bitterlings, even when present in the water in lethal 
concentrations. 

Ute the natural estrogens, dieihybtilbestrol is 
metabolized in the liver, but lea rapidly. 12 " 14 A 
larger portion is excreted in the urine. » Two stud- 
Id on human excretion of diethybulbestrol have 
been published. Maxer and co-workers" gave the 
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drug in a single dose by injection to eight caitrated 
women. The first day following the administration 
of 2 mg., the estrogenic activity of the urine varied 
between 67 and 900 "rat units" and the excretion 
diminished rapidly therea/ter, reaching minimal 
quantities on the third to fifth day or later. Von 
Haam tt a/. 17 injected larger quantities (12 to IS 
mg.) into three patients and found that excretion 
began at once but with these dote* did not reach 
iu maximum until the third to fifth day, after which 
excretion fell off rapidly. 

In toxicological studies, diethylstiJbestroI resem- 
bles the natural estrogens. Using amounts approxi- 
mately twenty-five times as large per unit of body 
weight as the maximum therapeutic dose usually 
employed in treating patients, MacBryde and co- 
workers u<19 found that, in dogs, estrone, estradiol 
benzoate, and diethyisulbestrol produced toxic 
changes in liver, bone marrow, and peripheral 
blood. The hepatic lesions produced by estrogen- 
ically equivalent doses of the three estrogens were 
indistinguishable m type or degree and consisted in 
fatty degeneration and hydropic degeneration. In 
the bone marrow and peripheral blood, estradiol 
produced more rapid and more profound altera- 
tions than did diethyisulbestrol when given in es- 
rrogenically equivalent doses. The changes were 
reflected in the peripheral blood successively by 
leukocytosis, thrombocytopenia, anemia, and, in 
some cases, leukopenia. It is of interest that in mice, 
even lethal doses of diethybtilbescrol produced no 
evidence of hepatic damage. 9 

Russell, Page, it a/. w - J1 studied the effect! of 
graduated doses of diethybtilbestrol in rats. At a 
level of five times the average human therapeutic 



dose, no pathological changes were observed. At 
levels of twenty-six times and 107 times the average 
human dote, there was an increasing incidence of 
cloudy swelling of the kidneys and microscopic evi- 
dence of liver damage. Not until the dose was raised 
to approximately 535 times the human dose were 
groat pathological lesions encountered. These con- 
sisted in adrenal hemorrhage in three of eleven 
inimali and enlarged liver in one. Microscopic 
evidence was found of damage to liver, kidneys, 
adrenals, stomach, endometrium, and bone mar- 
row. Of a group of animals implanted with diethyl- 
stubestrol pellets from which relatively enormous 
quantities of the drug were absorbed, about one- 
third showed toxic changes. 

Different workers 21 " 2 * have also reported that, 
in rao, diethylstiibestrol causes hyperglycemia and 
increased deposition of glycogen in the liver. 
Teague 35 has confirmed the latter finding, point- 
ing out the importance of distinguishing it from 
fatty degeneration. Such effects have not as yet 
been observed in other species. 

la the monkey, Engle and Crafts* observed no 
ill effects from large doses of diethybtilbestrol ad- 
ministered either as single injections or as pelJeu 
implanted subcutaneously. 

In terms of the estrous dose, Geschickter 57 has 
reported diethyisulbestrol to be no more carcino- 
genic than the natural hormones in the rat, and 
Shimkin and Grady M have found it to be leu so in 
the monv 



Th« Menstrual Cycla 

The phenomena of the menstrual cycle are the 
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result of the co-ordinated activity of the anterior 
lobe of the pituitary body, the ovaries, pouibly the 
adrenal cortex, and the uterus and other accessory 
genital itructures. 

The initial event of the cycle occurs in the ante- 
rior pituitary when there begins the liberation of the 
follicle-stimulating hormone into the blood follow- 
ing the conclusion of the previous cycle. Under the 
stimulus of this hormone new follicle growth takes 
place in the ovary, which releases increasing quan- 
tities of estrogens, the follicular hormones. These 
estrogens, in turn, itimulate release from the ante- 
rior pituitary of a second gonadotropic principle, 
the luteinizing hormone, which causes further 
growth and differentiation of the developing folli- 
cle, additional estrogen production, and, finally, 
rupture of the mature follicle, release of the egg, 
and formation of a corpus luteum in the wall of the 
collapsed follicle. 

Shortly before ovulation takes place, a third gon- 
adotropin called "luteotropin" is Liberated from 
the anterior pituitary. It causes progesterone pro- 
duction in small amounts by the mature follicle 
just before ovulation and in much greater amounts 
by the corpus luteum after ovulation. 

Estrogen production reaches a maximum about 
the time of ovulation and then diminishes some- 
what. A second and lesser peak of estrogen produc- 
tion occurs about the middle of the second half of 
the cycle at the same time that progesterone pro- 
duction reaches its maximum. \ 

Progesterone, the hormone of the corpus lute um, 
dominates the second half of the menstrual cycle 
just as estrogen dominates the first half. As the cycle 
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progresses, the estrogen and progesterone act on 
the anterior pituitary to check temporarily the out- 
put of gonadotropin, so that ovarian activity in 
turn lapses. Menstruation is the result of the con- 
sequent sudden withdrawal of progesterone or, in 
the absence of progesterone, of sudden withdrawal 
of estrogen. Current viewi an the causation and 
phywjlogy of menstruation have been set forth by 
Bartelmez, 29 Hisaw," and Reynolds. 11 

This course of events, however, is completely 
altered if conception takes p l a ce . Following im- 
plantatioQ of the fertilized egg in the endometrium, 
the corpus luteum continues to secrete progesterone 
and estrogen for several months under the stimulus 
of a gonadotropic principle elaborated, not in the 
anterior pituitary of the mother, but in the chori- 
onic tissues of the embryo itself. Later, estrogen 
and progesterone are formed in the placenta, but 
the amounts usually do not become significant un- 
til the third or fourth month of pregnancy. 



Clinical Reports 

One of the first reports of clinical use of diethyl- 
jtilbestrol was that of the British workers, Bishop, 
Boycott, and Zuckerman. 13 After observing its ef- 
fect in a variety of cases, they concluded that the 
synthetic compound faithfully imitates the action 
of natural estrogens by producing estrogen-with- 
drawal bleeding, by stimulating growth of an inter- 
menstrual type of endometrium, by relieving the 
symptoms of the menopause, by converting the 
menopausal vaginal smear into the estrous type, by 
restoring the atrophic vagina to normal appearance, 
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and by producing proliferation aund activation of 
m a mm a r y gland epithelium. Winterton and Mac- 
Gregor 33 reported substantially similar observations. 

The Menopause— Diethybtilbestrol given orally or 
by injection has proved extremely effective in reliev- 
ing the symptoms of the menopause. Davis* 4 - 15 has 
reported his experience in administering the drug 
to more than 600 patients, ail of whom had been 
under observation for at least six months, most of 
them for twelve months, and some for as long as 
twenty-one mornhs. Davis says: "The new syn- 
thetic drugs arc ideal in the therapy of the meno- 
pause." Patients began to experience relief very 
soon after therapy was begun, and few of them 
failed to obtain complete relief from hot flushes 
and substantial relief from the other symptom*. 
They developed a sense of well-being and volun- 
teered the observation that they had not felt so 
well in years. Davis stresses particularly the ad- 
vantage of oral therapy, daily administration pro- 
viding a relatively constant blood level of estrogen 
in contrast to the more fluctuating level following 
injections spaced several days apart. 

MacBryde and co-workers 58,57 have reported 
their oeaunent of more than 200 women with di- 
ethybtilbesrrol during a period of two and one-half 
years. They found that the relief was striking with 
regard to hot flushes, emotional instability, bead- 
ache, and insomnia. General improvement in 
itrength and energy occurred in eighty- four of 
ninety-seven patients citing lassitude as a chief 
complaint. Of the 150 patients who received di- 
ethylstilbestrol over a period of at least three 
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months, only four had poor results. They concluded 
that symptomatic relief was in every way as good 
at that obtained with comparable doses of estro- 
gens obtained from natural sources. 

Publications covering series of more than 100 
ra s es include those of Beard and Rossman, 18 Comp- 
mn and Bieren, 5 * Ftnkler,* 8 Fuerstner,* 1 -* 2 Gray 
and Gordinier,* 3 Harding," Hepp,* 5 Hollenbeck 
and Reel,* 8 Kreuschmar and Barnes, 47 Kurzrok, 
Birnberg, and Weber,* 8 Mason,* 9 Mazer, Israel, 
and Ravetz, 16 Pratt, 50 von Haam it a/., 17 and 
Wilson. 41 

These reports contain observations generally 
similar to those summarized above. Most investi- 
gators considered the effects of diethybtilbestrol to 
be strictly comparable in character to those of the 
natural estrogens, allowing for differences in po- 
tency. Three* ** 1 '* 3 mentioned specifically the ex- 
cellent feeling of well-being imparted by diethyl- 
•tilbestrol. One* thought it produced a greater feel- 
ing of well-being than did the natural estrogens; 
one other investigator** thought the opposite. 
Two* 7J9 reported that dieihyistilbestrol afforded 
relief in patients not helped by natural estrogens. 

Senile Vaginitis — Finkler and Antopol 13 and 
Finkkr and Marks 53 have itudied in detail the ef- 
fect of diethylstilbesQ-ol and natural estrogens in 
fifty cases of senile vaginitis. They found diethyl- 
ctilbestral by mouth to be fully effective and at 
least as satisfactory as the natural substances, 
whether the Latter were given by mouth, by in- 
jection, or by local application of suppositories. 
Gray and Gordinier* 3 administered diethybtil- 
bestrol to ninety-seven menopausal patients with 
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atrophic vaginal changes. Of these, 73 percent 
showed four-plus improvement in the vaginal 
smear; 20 percent, three-plus improvement; 4 per- 
cent, two-plus; and 3 percent, no detectable ef- 
fect. They state: "Probably the complete growth 
effect can be obtained in any case if sufficient ma- 
terial is given. In the 3 percent without evident 
effect, very slight atrophic changes were present 
and relatively small doses were given." 

Davis 24 obtained satisfactory results in each of 
thirty-six women given diethylstilbestrol supposi- 
tories for postmenopausal vaginitis. 

Painful Engorgement of Bre*s£s~ln the postpar- 
tum patient, diethylstilbestrol is capable of pre- 
venting or relieving the painful engorgement of 
breasts which occurs particularly at the onset of 
Lactation and during its suppression. Published 
studies cover some 2,200 cases. KM-U'Ti 

Although lactation is not inhibited by treatment, 
the onset is delayed and the volume is temporarily 
diminished. M - i ' ,SJ ' 73 The percentage of children 
requiring botde feeding is increased. The value of 
diethylsulbestrol would, therefore, seem greatest 
for the relief of painful engorgement when the 
mother is not to nurse her baby. 

Failures in treatment can generally^ attributed 
to inadequate dosage, although it is recognized 
that, in general, preventive therapy begun before 
the onset of engorgement is more successful than 
treatment instituted only after painful engorgement 
is present. 

A number of clinicians have observed mild re- 
currence of breas: engorgement with watery secre- 
tion about a week after cessation of diethylstilbes- 

14 



trol therapy. This Is usually controlled without 
difficulty by a second course of the drug. 

While studying the effect of diethylstilbestrol on 
the breasts, Connally and co-workers 58 incidentally 
noted that in the treated group, puerperal morbid- 
ity was reduced and a greater degree of uterine 
involution was found on pelvic examination on the 
twenty-first day. It was their clinical observation 
that the uteri sensitized by the drug responded more 
readily to the ergonovine routinely administered 
during the early puerperium. 

In a Later study, Connally 59 found that the puer- 
peral morbidity was only 5.6 percent in a group of 
442 patients receiving diethylstilbestrol postpartum, 
whereas in a control group of 467 it was 20. 1 percen t. 

Functional Uterine Bleeding— Richardson 73 has 
denned functional uterine bleeding as that which 
appears in the absence of gross lesions and at unex- 
pected times or in abnormal amounts. It is most 
common in the years just after the menarche or 
before the menopause. The immediate cause is be- 
lieved to be usually an Imbalance in the action of 
estrogen and progesterone, but the exact mecha- 
nism is not clear. Hypothyroidism or blood dyscrasia 
may be a factor. Nervous and emotional states are 
often contributory. 

For immediate control of uterine bleeding, rela- 
tively Large doses of diethylstilbestrol may be given 
at frequent intervab until the flow is stopped. 74 " 80 
This treatment is usually so effective that therapeu- 
tic curettage is now seldom needed. (However, 
menopausal bleeding is an indication for diagnostic 
curettage; cancer of the cervix or fundus must es- 
pecially be ruled out. 81 Furthermore, endocrine 
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treatment appears to be contraindicated at this 
time. 80 ) Following cessation of bleeding, a thorough 
learch should be made for local and systemic or- 
ganic causes. Among other conditions, hypothy- 
roidism and blood dyscrasias should be ruled out. 

About a week after cessation of estrogen therapy, 
withdrawal bleeding may occur. This ordinarily 
resembles a normal menstrual period and need 
not alarm the patient if she is told beforehand to 
expect it. 

U severe bleeding has been controlled or has not 
occurred, and if organic causes for hemorrhage 
have been ruled out, measures should be taken for 
alleviation of nervous tension and emotional dis- 
turbance (if these are present) and for correction 
of dietary inadequacies. Various kinds of endocrine 
therapy have been proposed. In determining the 
advisability of any of these, the following consider- 
ation* may be helpful. Many cases of functional 
uterine bleeding readjust themselves sooner or later 
without treatment, especially in adolescents. Ther- 
apy may not be necessary unless (1) blood loss is 
lufBciendy large to cause anemia or undue strain 
on hematopoiesia, (2) the patient or her family is 
excessively worried or inconvenienced by the situ- 
ation, or (3) the condition seems to impair a desired 
fertility. 

Diethylstilbescrol, either alone or with progester- 
one, may be useful in case endocrine therapy is 
advisable. Palmer 79 treated thirty-one patients. In 
moat of them the abnormal bleeding stopped after 
one cycle of treatment and did not recur. Repeated 
courses were necessary in the remainder. Douglas 
and Imercnan 77 treated twenty-two patients, and 
Karnaky 71,15 has reported a large number. 

16 



Hamblen and co-workers have used diethylstil- 
bcstrol alone 78 and other esttogens in combination 
with progesterone. They say:"The effects of the 
non-hormonal estrogen, diethylstilbestrol, after oral 
administration, compare favorably with those ob- 
tained by the intramuscular administration of hor- 
monal estrogens in securing hemostaiU in excessive 
or prolonged functional uterine hemorrhage." 

McGinn 79 reported twenty-five cases given large 
doses of diethylstilbestrol to check the immediate 
bleeding, followed by cyclic administration of 
smaller doses in combination with a progesterone 
derivative, as suggested by Hamblen. 83 Both Mc- 
Ginn 71 and Collins 33 point out the value of thyroid 
in the treatment of functional uterine bleeding, 
and Hamblen and co-worken 7 * consider it signifi- 
cant that the only patient in their series treated 
with diethylstilbestrol who had a basal metabolic 
rate considerably below normal was one of those 
who failed to respond to the estrogenic therapy. 

Carcburma of the ProsUUt— Following the report 
by Huggins and Stevens** that normal human adult 
prostatic epithelium atrophies on removal of the 
testicles, the effect of androgen withdrawal was 
tested on malignant prostatic epithelium. 8 *- 87 It 
iooQ became apparent that in most cases of pros- 
tatic carcinoma the malignant epithelial cells still 
require androgen for proliferation, and that with- 
drawal of androgen results in regression of both 
primary neoplasm and me ta st as es. 

A very great number of clinical reports have 
been published, the larger series Including those 
of Dean and co-worken, 88 -* Donahue,* Heckel, 91 
Herger and Sauer," MatluS and Ardila," Nesbit 
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and auoeiai«,«<.»» Seaman, Connelly, and 
Egnatz,* and Stirling." In those cava that re- 
spond, the prostate may become grossly smaller 
and softer, and urinary obstruction may diminish 
or cease. Metastatic nodules, whether in lymph 
nodes or bone, may eventually atrophy. Biopsies 
of tumor tissue taken be/ore and after treatment 
may show a very striking regression in the neo- 
plastic process. 9 *-^ Clinically, the patients may 
become symptom-free, with gain in body weight 
and increase in erythrocyte count and hemoglobin. 

Although i majority of individuals show some 
degree of favorable response, undue optimism is 
not warranted, since in a certain percentage of 
patients the neoplasm is unaffected by androgen 
withdrawal and in the remainder, after a period o/ 
regression, there is a gradually increasing incidence 
of recrudescence which often involves only the me- 
tastases. Radical prostatectomy remains the only 
hope of actual cure and is the treatment of choice 
when the growth is operable and there are no me- 
tastases. Colston and Brendler 101 recommend pre- 
operative treatment with diethylsrilbestrol in order 
that the lesion may be in regression at the ti me of 
operation. 

Androgen deprivation can be accomplished 
either by castration or by the administration of 
estrogens. There has been disagreement as to which 
method gives the better results. Neabit and co- 
workers^-* have followed a closed series particu- 
larly carefully. The following table gives their re- 
sults after five and one-half years.* 

It would appear that orchiectomy and diethyl- 
sulbestrol are equally efficacious in pauenu with- 
out metastases, whereas castration seems to be more 
18 
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effective in the presence of metastases. However, 
more cases are required for a final judgment. With 
some investigators, other considerations have led to 
differences in preference. HMMAOHttt 

Although some workers have combined the two 
me t hods, there seems to be no advantage in doing 
so. If one approach proves ineffective, the other 
may be tried, although the percentage of success is 
not high in such cases. 

The administration of estrogens in the necessary 
dosage will, like castration, usually lead to loss of 
s rsni al power and some degree of genital atrophy. 
It may also produce one or more of the following: 
breast changes, consisting grosaly in enlargement 
of the breasts and pigmentation and increased sen- 
sitiveness of the nipples and areolae, and micro- 
scopically In proliferation and budding of the duct 
epithelium, increase in connective tissue stroma, 
edema of the tcroma, increased vascularity, and, 
after prolonged treatment, deposition of fat; 108 * 109 
dependent edema (this may also follow castration) ; 
metaplasia of the urethral epithelium; 110 and 
increase in the density of the bones, 110 

Diethylstilbestrol has been the estrogen of choice 
in treating prostatic cancer because of its potency 
on oral ad minis oration. 
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Determinations of the activity of the enzyme 
acid phosphatase in the blood serum may be of 
value in diagnosis and in following the course of 
the condition. A high level b indicative of active 
metastases, although a normal level is not an assur- 
ance of their absence. However, If there u a high 
level which returns to normal under treatment, 
maintenance of the normal level seems to afford 
assurance of continued inactivity of the neoplasm. 

CMrchtoma of the Breast— Recent rKnir? ) evidence 
indicates that androgens and estrogens may be 
useful in the treatment of inoperable and advanced 
cancer of the breast in women. 111 * 111 It must be 
emphasized that early diagnosis, adequate surgery, 
and x-ray radiation remain the primary weap- 
ons for treatment of this problem. Estrogens are 
considered the hormonal treatment of choice in 
women who are more than five years past the 
menopause and who have an inoperable primary 
rumor or metastases to lung, soft tissues, or bone. 
Escher 113 recently reported that in women ten or 
more years past the menopause, estrogens led to 
objective improvement in 30 percent of cases with 
osseous lesions and in 40 percent of those with soft- 
tissue involvement. Estrogens are contralndicated 
in premenopausal women and during the first 6ve 
years after the menopause. 

It must be remembered that estrogens as well 
as androgens may result in evidence of progression 
of the disease shortly after treatment is instituted. 
If there Is an increase in size of pulmonary and 
osseous lesions, increase in the size of the primary 
or other soft-tissue masses, or an increase in hyper- 
calcemia, treatment should be stopped Lmmedi- 

20 



ately. About 5 to 10 percent of patients with breast 
carcinoma have pretreacment hypercalcemia. This 
may be evidence of excessive bone destruction due 
to invasion by tumor tissue. Hypercalcemia should 
be investigated periodically before and during hor- 
monal treatment in those cases with bone metas- 
tases. The serum alkaline phosphatase is usually 
slighdy elevated when bone metastases exist. A 
significant rise in the alkaline phosphatase after 
treatment may be a favorable sign. In cases with 
liver metastases the serum alkaline phosphatase 
may be elevated considerably, and after treatment 
a fall may be a good prognostic sign. 

In general, objective evidence of improvement 
is usually minimal in spite of satisfactory subjec- 
tive improvement. Estrogens may allow the patient 
comfort and improvement in general state which 
might not have been possible without their use. 
There is little evidence that estrogens significandy 
prolong the survival time. 

Accidents of Pregnancy— Although the true value 
of hormonal therapy in certain accidents of preg- 
nancy is uncertain, there is considerable work in- 
dicating that diethylstUbestrol may have value in 
threatened abortion, repeated abortion, and, in 
pregnant diabetic women, eclampsia, premature 
delivery, and threatened death of the fetus. Many 
of the studies have been carried out in diabetic 
women, who, as a group, seem particularly subject 
to certain of these accidents. 

Smith and Smith and their co-workers 11 *- 115 
have demonstrated that progesterone plays an im- 
portant part in the metabolism and further produc- 
tion of estrogens. They have shown that the onset 
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of labor, either prematurely or at term, is preceded 
by diminution in progesterone excretion and alter- 
ation in the metabolism of estrogens. They and 
others 118 " 120 have found that similar changes, par- 
ticularly in diabetic women, preceded the onset of 
eclampsia and death of the fetus. It has long been 
known that certain cases of threatened abortion 
and habitual abortion were marked by low ex- 
cretion of pregnanediol (the end product of metab- 
olism of progesterone). 

In an effort to overcome these hormonal dis- 
turbances, the Smiths 131 administered progesterone 
and estrogens of natural origin, but the observed 
improvement was not of long duration. When they 
administered diethyls tilbestrol, ,n however, an in- 
creased output of pregnanediol was noted for u 
long as the drug was continued, and the metabolism 
of estrogens returned toward normal. White 123 has 
reported on a total of 525 pregnant diabetic women. 
The incidence of accidents in relation to hormonal 
balance and Oreatment is shown in the following 
table. 
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Diethylstilbestrol appears to have no value once 
the clinical manifestations of eclampsia are pres- 
ent; its use is limited to prevention. 

Karnaky 13 * was the first to suggest the use of 
diethylstilbestrol against threatened abortion, and 
Abarbanel' 25 has reported favorable results in both 
threatened and habitual abortion. Rosenblum and 
MelinkorT 128 have published their observations in 
an unselecied group of ninety-six patients with 
threatened or habitual abortion. A comparison of 
results with ninety-four consecutive cases treated 
with progesterone or a related compound is shown 
in the following table. 





0>*arUD***trai 


Proserin mm trt 






AtwrUd 


Nil at 
Can 


Aftorttrf 




H«. 


% 


^ 


% 


TVulMtd iterlioa 
PtMULai* Ubof 


a 

10 

* 


11 
1 

1 


134 

50.3 
B.0 


H 1 30 

» * 

1 1 


J4S 

714 

100.0 



•Ttutiwm! Uirtrd iRk U|<u oJ tfimrsii Rul dr> 
trMUntal »u p»»*. 



22 



The authors concluded that the use of diethyl- 
stilbestrol was followed by "more favorable results 
than we have been able to achieve with any other 
type of treatment." 

Pedowitz and Shlevia, 117 Reis, De Costa, and 
Allweiss, 13 King, 15 * Robinson and Shettles, m and 
GreenhUI and De Lee 131 do not feel that hormonal' 
therapy is of significant benefit in the management 
of pregnant diabetics or in the treatment of threat- 
ened or repeated abortion. 

Oiltaporoth*— Diethylstilbestrol has been used 
rather extensively in various types of osteoporosis. 
Since the hormonal management of osteoporosis 

•Uuncun an chu «ubjcei u lYulahli to ptipkUc upon rrqueL 
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usually includes both androgenic and estrogenic 
substances, the Lilly literature concerning this sub- 
ject is included in the A-form (A-1680C) entided 
Tylosterone* (dieihylstilbesirol and raethy I testos- 
terone, Lilly) and Tylandril® (diethylsiilbcstrol 
and raethyluatosierone with reaerpine, Lilly). 
Spontaneous Hemorrhage — Recendy it has been 
reported that estrogen given parenterally may con- 
trol spontaneous hemorrhage, such as epistaxis or 
hemorrhage after tonsillectomy and adenoidec- 
tomy. 132 " 134 The exact mechanism of this action 
of estrogen is not yet established. Further studies 
are needed to elucidate this point as well as to 
confirm the exact usefulness of estrogen in various 
types of spontaneous hemorrhage. 

Contraindication* and Sid«-Eff«cts 

The contraindications to diethylsiilbesiroi ad- 
ministration are the same as to estrogen therapy in 
general. Estrogens should not be administered in 
the absence of a positive indication, and they 
should be avoided in women who have cancerous 
or precancerous lesions of the breast or cervix or 
who have a family history of high incidence of 
breast or genital malignancy. 115 

As with natural estrogens, unpleasant side-effects 
have been noted following dieihylsrilbestrol ther- 
apy. Most common is the occurrence of nausea., 
which may be severe enough to lead to vomiting. 
The incidence of nausea appears to differ signifi- 
candy among various types of patients,. Pregnant 
and postpartum women seem the least susceptible. 
White and Hunt ssa did not report nausea in a 
group of fifty toxemic diabetic pregnant women, 
many of whom took 40 to 120 mg. of diethylsul- 
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bescrol daily by mouth over considerable periods 
jof time, Kamaky 157 found that it was necessary to 
give single dotes of 500 mg. or more to induce 
nausea in pregnant women. Twelve patients with 
vomiting of pregnancy noted subsidence of this 
manifestation after taking 300 mg. of diethybtil- 
bestrol daily for three to five days. 

In contrast, nausea and vomiting are most easily 
produced in the group of menopausal women. 
When dosage is minimal (0.1 to 0.25 mg. daily at 
first), nausea is infrequent and transient.**' 38 When 
larger doses are given (1 mg. or more daily), and 
particularly when they are administered initially, 
na»i»" and vomiting are common in the meno- 
pausal group. 138 

Men and nonpregnant women form an inter- 
mediate group, nausea in them being relatively 
uncommon from doses of 3 to 5 mg. daily, or even 
more, as shown by their use in functional uterine 
Mrrri ing (see p. 15) and carcinoma of the prostate 
gland (see p. 17). 

The relationship of dosage to nausea in meno- 
pausal women has been shown by Greece 119 and . 
by Abarbanel. 140 Greene 141 also found that two 
different forms of diethylstilbestrol and an ester of 
estradiol ail produced the tame incidence of nausea 
and vomiting when compared in a single group of 
thirty-nine menopausal women. He expressed the 
belief that nausea and vomiting are nonspecific re- 
sponse* which may be evoked by very high doses of 
natural as well as synthetic estrogens. He points 
out that natural estrogens have been available in 
dosage forms that are relatively small when con- 
trasted with t hose of diethybtilbesorol, and that the 
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low incidence of these reactions with natural euro- 
gens is therefore understandable, 

A close correlation has been observed between 
the nausea and vomiting of pregnancy and that 
from diethybtilbestrol. Of the 600 patients treated 
by Davis and Boynton, w only two had to stop the 
drug because of vomiting. Both these women had 
persistent emeais following minute doses of the drug, 
and both reported that it resembled In every respect 
the serious hyperemesis they had experienced dur- 
ing pregnancy. Finch 145 gave diethybtilbestrol to 
a group of thirty-three patients, ranging in age 
from twenty-nine to fifty-six years, who had experi- 
enced nausea and vomiting in excessive degree dur- 
ing pregnancy. Of these, thirty-two also had nausea, 
vomiting, or other side-effects following adminis- 
tration of diethybtilbestrol. In cono-ast, a control 
series of twenty women, aged twenty-five to fifry-tix 
years, who had had no nausea with pregnancy was 
able to tolerate without symptoms at least 3 mg. 
daily. The intolerant patients, whom Finch believe* 
to be sensitive to some substance formed in connec- 
tion with the action of diethybtilbestrol, were en- 
abled to take the drug without difficulty by a proc- 
ess of "desenaitization." 

Abarbanel 145 analyzed the incidence of gastro- 
intestinal tide-effects in a group of 120 patiena 
receiving a stilbestrol derivative by mouth. These 
occurred almost exclusively in the menopausal pa- 
tients. Individuals unable to take any sort of pill by 
mouth without nausea or gagging were ruled out, 
as were patients receiving additional medication 
(such u digitalis) which might of itself cause nausea 
and those who became nauseated or sick conromi- 
tandy with their hot flushes. Only two groups of 
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patients remained. One of these consisted of five 
patients with negative gascro-intestinai history who 
developed nausea only while receiving estrogenic 
therapy. In two, the nausea was inconstant and 
disappeared in time. Two others were relieved by 
reducing the dosage and increasing it gradually to 
the desired leveL The fifth was relieved by chang- 
ing from hypodermic to oral therapy. The other 
group consisted of patients with a history of intoler- 
ance to fried or fatty foods, their ingestion being 
followed by nausea, vomiting, severe heartburn, 
and eructation. Five of the fifteen in this group ex- 
perienced nausea with the ttilbesirol preparation. 
One ceased to have nausea following cholecystec- 
tomy. A second was relieved by reduction of dosage. 
The three others were relieved by taking either mag- 
nesium sulfate in small dotes or a bile preparation. 
Other side-effects have also been noted following 
the ad minis era lion of diethybtilbestrol, but they 
are comparatively rare. They include various forms 
of abdominal distress or pain, anorexia, diarrhea, 
lassitude, paresthesia, vertigo, headache, anxiety, 
ir.vimnia, thirst, and scotomata. Cutaneous rashes, 
purpura, and allergic reactions of various types 
have been reported following the administration 
of both diethybtUbestrol and the natural estro- 
gensJM.lH-LM In some instances the idiosyncrasy 
seems to be to the drug; in others, tn the oil vehicle 
In which it may be dissolved. Both types of estro- 
gens have been held responsible for psychotic epi- 
•odes. lM,liS However, in not a single instance re- 
ported in the American literature have the side- 
effects failed to disappear on reduction of dosage 
or withdrawal of medication. No permanent ill 
effects from them have been noted. 

27 



/ 



.'— • *.jV*-*—.-***:*"" * -• ' • ~«- '*;■**' " ^fc-V***" 



Case 1 :06-cv-01 252-RMU Document 20-1 3 Filed 08/30/2007 Page 1 6 of 26 




In connection with these side-effects, it is of 
Interest that a number of clinicians have reported 
that in patients having lassitude, headache, or a 
tendency toward nausea and vomiting as meno- 
pausal symptoms, the administration of diethyl- 
itilbeatrol has afforded relief. 

Toxicity 

Because of the aide-effects noted during dietbyl- 
itilbestrol therapy and the toxic action of very large 
doses in animals, great interest has been shown in 
the results of objective teats for damage to various 
human organs and tissues. The high potency of 
orally administered diethylstilbeatrol has facilitated 
overdosage of this drug, and certain of the side- 
effeca noted with it can be attributed to exagger- 
ated estrogenic action. These include the produc- 
tion of uterine bleeding during continuous ther- 
apy (as distinguished from the withdrawal bleeding 
which occurs following discontinuation of physio- 
logical doses), the production of a hypertrophic 
endometrium (including the so-called "Swiss 
cheese" condition seen in endometrial biopsies), 
painful breasts, and vaginal soreness. 

Especial interest has centered in the liver and 
the blood-forming organs. Published reports of 
blood studies 18 - 17 - 3- " 18 have failed to provide evi- 
dence of damage to these tissues, even though doses 
much larger than those needed therapeutically 
were given in a number of instances, i 

The following liver function tesa have been ap- 
plied to patients receiving therapeutic or larger 
doses of diethybtilbescrol: bromsulfalein retention, 
icterus index, van den Bergh, bilirubin tolerance, 
and hippuric acid excretion test of Quick. 1*«17 J4-I7. 
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M.«.«.1*.IM.W.W7 ^ nsuJu have jhQwn no 
greater departure from the theoretical normal than 
can be observed in a concrol group of untreated 
individuals of the same age, sex, and condition. 

In addition to employing the usual tesu of liver 
function, Davis* 5 administered large quantities of 
diethylstilbeatrol to three women with extensive ter- 
minal malignancies. They received 10 to 25 mg. 
daily to total doses of 250 mg. in ten days, 350 
mg. in thirty-five days, and 1,125 mg. in forty-five 
days, respectively. At autopsy, the livers, kidneys, 
and adrenals showed no changes that could be 
attributed to diethylstilbestrol. 

There are several reports that jaundice occurred 
during therapy with diethylstilbestrol. White and 
Hunt 13 * encountered two instances of jaundice, one 
of them fatal, in their first fifty diabetic women 
Created with large doses of diethylstilbestrol for 
threatened toxemia of pregnancy. There was no 
additional case in the total of 181 patients so 
treated, 1 ^ and the authors considered the relation 
of these complications to diethylstilbestrol therapy 
to be very questionable. Seligman 158 and Wallen- 
berg 1 * each reported a case of jaundice, both pa- 
tients being elderly men with prostatic disease. Both 
cases were complicated, and there was no way of 
being certain of the relationship between the drug 
tnd the jaundice. 

Administration and Dotage (J) 

Diethybtiibestrol is a powerful drug, and caution 
must be employed in its use. Indiscriminate or in- 
judicious administration may be dangerous. Pa- 
tients receiving the drug lhould be under contin- 
uous medical supervision. In women, the breasts 
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and pelvic organs should be examined before treat- 
ment si begun and at intervals during therapy. 
Dlethylstilbestrol can be administered by mouth, 
by intramuscular injection, or ai vaginal supposi- 
tories. Administration by mouth is recommended 
except when purely local vaginaJ effects are desired, 
in which case the vaginal suppositories are suitable. 
Oral administration need not be more frequent 
than once a day to produce a uniform effect. Data 
on excretion of the drug suggest that injections 
should be given two or three times a week. Average 
doses will be found in Table I. 

Menapamal Symptoms — In trtating menopausal sjmp- 
toms, initial dosagt should not txc**d 0.1 to 0.25 mg. 
daily or at tack injtttioK, tfu amount bring gradually in- 
criastd until symptoms art rtlitood or ridt-tftcU art noUd. 
When relief has been obtained, dosage ihouid be 
reduced until a maintenance level is found. It ap- 
pears that the dosage necessary to induce relief of 
menopausal symptoms is often larger than that 
needed to maintain relief. A majority of patienu 
appear to need no more than 0.5 mg. of diethylstil- 
beatrol daily for maintenance, and many require 
lea M.lM 

Starting treatment of menopausal symptoms 
with s mal l doses has the additional advantage of 
minimizing the incidence of nausea. Finch 1 * 3 
showed that by using this method, even the most 
sensitive patient was able to tolerate without diffi- 
culty quantities of dlethylstilbestrol which had 
caused severe gastro-intestinai upset when given as 
initial doses. Nausea can be further avoided by ad- 
ministering the drug either with meals or at bed- 
time in a demulcent medium such as milk. Some- 
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tiroes subdivision of the dosage, with more frequent 
administration, will be helpful. The use of atropine- 
iike drugs or the concomitant administration of 
sodium bicarbonate has also been suggested. In 
patients with the so-called "gall-bladder syn- 
drome," small doses of magnesium sulfate or i 
bile preparation have been of assistance. 1 ** 

It is recommended that, in the menopause, dietb- 
ylstilbestrol be given in courses of perhaps three or 
four months' duration. At the end of such a period, 
the dose should be tapered off over one or two 
weeks and then discontinued. If symptoms return, 
another course should be given. Eventually symp- 
toms will fail to recur, and further treatment will 
not be needed. 

In order to mimic as closely as possible the natu- 
ral ovarian rhythm, it has been suggested that 
diethylsulbestrol should be administered in cyclic 
fashion during courses of treatment. MacBryde tt 
a/. M gave diethylsulbestrol two weeks out of four to 
some palienu and three weeks out of four to others. 
The natural cycle of estrogen is probably most 
nearly reproduced by giving medication three 
weeks out of four, with the maximum dosage dur- 
ing the second week; for example, with diethylsul- 
bestrol, 0.25 mg. daily for one week, 0.5 mg. daily 
for one w eek, 0.25 mg. daily for ooe week, and none 
for one week; or 0.5 mg., 1 mg., 0.5 mg., and none. 

Although the objective in the estrogenic treat- 
ment of the menopause usually is the control of 
symptoms, it is often advisable to check the physio- 
logical effect by means of vaginal smears. Failure 
to obtain symptomatic relief from doses that pro- 
duce full cornificadon of the vaginal epithelium 
suggests that some other condition than the meno- 
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pause may be responsible for the patient's symp- 
toms. M<n*Unanct dosagt should b* kept at all times at 
lie minimum necessary Jor rwiuf. 

Senile Vaginitis — If menopausal symptoms are 
present, the oral dosage necesaary for their relief 
will often control the vaginitis as well. If it does 
not, or if menopausal symptoms are not present, 
▼mginai suppositories may be administered — one 
0.5-mg. suppository inserted at bedtime each night 
or less frequendy, as needed. 

Painful Engorgement of Breasts— A total dose of 
30 mg. as a first course is usually adequate, and 
some patients do not need so much. The 30 mg. are 
usually given as 5 mg. three times daily for two 
days, but they appear to be equally effective as 
5 mg. once daily for six days. If a second course 
b decided upon, the dosage is the same. 

Vunctimal Uterine Bleeding — When bleeding is 
severe or acyclic, the usual dc*e of diethylsulbestrol 
is 5 mg. every four to six hours until the flow stops. 
With this dosage, cessation of hemorrhage is usually 
a matter of hours, seldom more than twenty-four. 
Smaller doses apparendy act more slowly. 78 

In adolescent!, Palmer 78 prefers when possible to 
use the following schedule, beginning on the second 
or third day of a phase of bleeding, or as soon as 
the patient presents herself if she is bleeding at that 
time: 

1 mg. daily for seven days, 
5 mg. daily for seven days, then 
0.3 mg. daily lor ten days or until 
bleeding occurs. 



In most cases, only one such course is necessary. 
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Carchtoma of the Prostate — An effective initial 
dosage is usually 3 mg. of diethylstilbestrol daily 
by mouth. If there is no symptomatic improvement 
in a week, the dosage may be increased, but it 
seldom appears advantageous to exceed 10 mg. 
daily. After full control has been obtained, the 
dosage can usually be reduced to the neighborhood 
of 1 mg. daily. However, maintenance dosage must 
be individualized, the patient's course being the 
ultimate criterion of adequacy. Serial determina- 
tions of serum acid phosphatase may be helpful 
(see p. 20). 

Carcinoma oj the Breast — The dosage most gener- 
ally recommended has been 5 mg. of diethylstil- 
beatrol three times daily by mouth. It has been 
stated that 90 percent of patients who will respond 
do so within three months. 113 It is recommended 
that, if objective improvement occurs, estrogen 
therapy should be continued until the disease again 
becomes progressive. llJ * 113 

Accidents of Pregnancy— In-preventing accidents 
of pregnancy which are likely to occur before the 
fifth month, the Smiths 1 " advise oral administra- 
tion of diethylstilbestrol according to the following 
schedule. In an emergency or for other valid rea- 
sons, the drug may be administered by intramus- 
cular injection. 



Week of Preynancy, 
Dating from Fmt Day 






of Last Menstrual Period 


Daily Dose 


7th and 8th 


5 mg. 


9th and 10th 


10 mg. 


llth and 12th 


15 mg. 


13th and Mth 


20 mg.r~ 


15th 


25 mg.\ 


16th 


30 mg. \ 



17th 

18th 

19th 

20ih 

21u 

22d 

23d 

24th 

25th 

26th 

27th 

28th 

29th 

30th 

31u 

32d 

33d 

34ih 

35th 



35 mg. 

40 mg. 

45 mg. 

50 mg. 

55 mg. 

60 mg. 

65 mg. 

70 rag. 

75 mg. 

80 mg. 

85 mg. 

90 mg. 

95 mg. 
100 mg. 
105 mg. 
110 mg. 
US mg. 
120 mg. 
125 mg. 
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Treatment is discontinued at the end of 
thirty-fifth week. For prevention of accidents Ciflaie 
pregnancy, administration is started at the begin- 
ning of the sixteenth week according to the sched- 
ule above. Combinations of 5-mg. and 25-mg. 
tablets can be conveniently used to make up the 
total daily dosage. 

When abortion is actually threatening, Abar- 
banel 155 and Rosenblum and MelinkofT 136 advise 
oral administration of 25 mg. of diethylstilbestrol 
as soon as the diagnosis is made. Additional doses J 

of 5 mg. are then jriven cither-C ge rY fifteen m in : *- /* 
utes 1 ** or every hour 138 until bleeding or cramps or 
both have stopped. After this, 5 mg. are given three 
times daily until fetal movements are felt. Medi- 
cation may then be discontinued if no further 
threat is expected, or it may be continued in 
jmounu of 5 to 15 mg. daily until the thirty- 
second week. If bleeding or cramps recur, one 
goes back to the beginning of the schedule. 
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White ja emphasizes the importance of rlassifi- 
cauon of pregnant diabetic patients. Tabic II sum- 
marizes her basic treatment. She favors the par- 
enteral route of administration of hormonal ther- 
apy. Members of ihe patient's family arc taught to 
administer the hormones. 

OiUopcroiis — A dosage of diethylstilbestrol often 
recommended is 0.5 to 1 mg. daily by mouth. An- 
drogen, such as 10 to 20 mg. of methyl testosterone 
orally each day, is frequendy used. This combina- 
tion is represented by 2 to 4 Tablets Tylostcrone. 
Masculinizing effects may force reduction in dosage 
or actual discontinuance of the methylirsiosicrone. 

Spontaneous Hemorrhage — The indications, dos- 
age, and effectiveness of estrogen for this condition 
are not well established. In adults, ! mg. or even 
more intramuscularly every four to six hours has 
been effecuve in some cases of spontaneous epi- 
xtaxis and the hemorrhage following tonsillectomy. 

How Supplied 

Dielhylsiilbestrol Injecuon is supplied as follows: 
5 mg., in Oil, 1 cc, in packages of 6, 25, and 100 
ampoules (No. 585). Each cc. contains 5 mg. 
diethylstUbestrol in cottonseed oil, q J. 
25 mg., in Ethyl Oleate, 1 cc, in packages of 6 
ampoules (No. 5-49). 
Tablets Diethylstilbesirol, U.S.P., are supplied as 
follows: 

0.1 mg. (No. 1646) 
0.25 mg. (No. 1647) 
0.5 mg. (No. 1648) 

In books of 100 and 1,000. 

37 



/ 



Case 1 :06-cv-01 252-RMU Document 20-1 3 Filed 08/30/2007 Page 21 of 26 



j M S f ^my ^w ? 




1 mg. (No. 1649) 
5 mg. (No. 1685) 

In botdes of 100, 500, and 1,000. 
25 mg. (crosvscorud) (No. 1724) 

In bottles of 25, 100, 500, and 1,000. 

Enseals' (timed disintegrating tablets, Lilly) Di- 
] ethybtilbestrol are supplied as follow*: 

1 0.1 mg. (No. 46) 

| 0.25 mg. (No. 47) 

j 0.5 mg. (No. 48) 

1 mg. (No. 49) 

5 mg. (No. 85) 

25 mg. (No. 90) 

In botdes of 100, 500, and 1,000. 

Suppositories Diethylstilbestrol are supplied in 
packages of 6 and 50 as follows: 

0.1 mg. (No. 14) 

0.5 mg. (No. 15) 

In addition to the diethylstilbestrol, each supposi- 
tory contains glycerin, gelaun, polyoxyelhylene 
sorbitan monolaurate, and propylene glycol. 
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